These data indicate the presence of a previously unrecognized K + -dependent SCH 28080 and ouabain-insensitive proton secretory mechanism in the cortical collecting tubule that may play an important role in acid-base homeostasis.
Introduction
Active proton secretion by the collecting duct (CD) is coupled in part to active K + absorption via a membrane-bound, adenosine-triphosphatase (H + -K + -ATPase) (24, 32) . The H + -K + -ATPase (HKA) that is expressed in renal CD under normal conditions shows striking molecular, biochemical and physiological similarities to the HKA found in gastric parietal cells which is responsible for the secretion of acid into the gastric lumen (21, 24, 32) . This exchanger has been referred to as gastric HKA (HKAg) and is sensitive to inhibition by SCH 28080 (24, 32). A distinct but structurally related HKA is expressed in the distal colon, which mediates active K + reabsorption (6, 15) . This transporter is called colonic HKA (HKAc) or non-gastric HKA and is sensitive to inhibition by ouabain (24). Molecular studies indicate expression of both gastric and colonic HKA in CD (24, 32). Functionally they are thought to be involved in H + secretion and or K + reabsorption but appear to be regulated differentially (24, 32) . Further, HKAc may also mediate the exchange of extracellular K + for intracellular Na + or NH4 + (5, 11) , consistent with this transporter working as a cation/potassium exchange mode.
In order to better understand the role of HKAg in acid-base regulation, transgenic mice deficient in this gene were examined. HKAg null mice have severe achlorhydria (25), consistent with the role of this transporter as the major acid secreting process in the parietal cells of stomach. The HKAg deficient mice did not show any significant abnormality in systemic acid-base balance or serum potassium (25), despite the fact that this transporter plays an important role in net bicarbonate reabsorption in the collecting ducts of mouse kidney (12, 13) .
These results suggest that other acid-secreting transporter(s) is (are) likely upregulated in the kidneys of HKAg null mice. To explore this issue further, renal cortical collecting ducts of wild type or HKAg knock out mice were isolated and perfused, and their α and ß intercalated cells were examined. The results indicate that a novel exchanger, which is distinct from colonic HKA, is upregulated in HKAg null mice and maintains the K-dependent, H + secretion at a comparable level to wild type animals.
Methods

Animals
Wild type and HKAg knockout mice were used for these experiments.
HKAg knockouts were described recently (25). Animals were allowed free access to food and water and were studied at 3-6 months of age. For potassium depletion studies, animals were placed on a potassium free-diet (11) for 19 days.
Isolation of Cortical Collecting Ducts
Animals were sacrificed by intraperitoneal injection of 50 mg/kg of Na + -pentobarbital. Kidneys were quickly removed and placed in ice-cold dissection medium (Solution 1, Table 1 ). Thin (~1 mm) slices were obtained and transferred to the dissection chamber. The temperature of the dissection medium in the chamber was kept at 4°C. Bovine serum albumin, 0.1%, was added to the dissection medium to prevent sticking of dissected tubules to the glass and forceps. Cortical collecting tubules (CCDs) were obtained by free hand dissection out of cortical medullary rays. Tubules were measured using an eyepiece micrometer and generally were 0.3-0.5 mm in length. CCDs were distinguished from nearby proximal straight tubules by their approximately one third smaller diameter and more turbid appearance compared to the "ground glass"
appearance of the proximal straight tubules. Thick ascending limbs, on the other hand, are thinner than CCDs and have a fragile, homogenous and slightly shiny appearance in reflected light.
In vitro Microperfusion
Dissected tubules were quickly transferred to a 1.5 ml temperature controlled specimen chamber mounted on an inverted Zeiss Axiovert S-100 microscope (Carl Zeiss, Inc., Thornwood, NY). Tubules were perfused using concentric glass pipettes according to the method of Burg (1) In order to avoid tubule movements and out of focus fluorescence, the free end of the tubule was allowed to loosely adhere to the poly-L-lysine covered part of the chamber coverslip (28). Only cells in sharp focus in the tubule wall were examined. Images were taken in duplicates at 2-sec intervals. Attofluor
RatioVision software allowed for "regions of interest" to be applied to individual cells, so that multiple cells in a single tubule were simultaneously examined.
Generally, 3 to 8 cells were examined per tubule. Only 1 tubule per animal was used. Digitized images were analyzed by using the Attograph software. At the end of each experiment intracellular calibration was performed by using the high K + -nigericin method of Thomas et al. (26) . Calibration solutions were varied from pH 6.5 to pH 7.8 and calibration points fitted to a linear regression curve, which was then used for conversion of calculated ratios to cell pH.
Experimental procedures
After achieving a stable baseline cell pH reading in bicarbonate buffered solution (solution 2) the bath solution was switched to a chloride free solution 
RNA isolation and Northern hybridization
Chemicals
All chemicals were obtained from Sigma Chemicals (St. Louis, MI), unless 
Statistics.
Results are give as means ± SE. Statistical comparisons between the groups were performed according to Student's t-test for nonpaired data. The data were considered significant if p < 0.05. Solutions containing bicarbonate were continuously bubbled with 95% O2 and 5% CO2. Solutions without bicarbonate were gassed with 100% O2. pH of all solutions was 7.4 at 37°C. Osmolarity of the solutions was 290 ± 3 mOsm/kg H2O; if necessary, solutions were adjusted by addition of the principal salt.
Chloride free solutions were made with 4 mM of calcium acetate to account for complexing of calcium with gluconate salts. were identified as α-ICs, and the remaining 13 were identified as ß-ICs. In the presence of bicarbonate, baseline pHi was comparable in α-ICs of HKAg knock out (7.353 ± 0.004, n=12) and wild type (7.346 0.002, n=9) animals (p>0.05).
Results
Potassium dependent pHi recovery in
Interestingly, basal pHi in ß -ICs was lower in HKAg KO animals (7.265 ± 0.005, n=13) as compared to wild type (7.326 ± 0.003, n=10) animals (p<0.05). Absence of bicarbonate did not significantly alter the baseline pHi levels (data not shown). (Fig. 9) . Cells recovered to 7.06 ± 0.02 in α-ICs and 6.99 ± 0.03 in ß-ICs.
Removal of inhibitors resulted in additional recovery to baseline pHi levels at the rate of 0.236 ±0.013 in α-ICs and 0.234 ± 0.01 in ß-ICs.
RT-PCR and Northern hybridization studies in wild type and HKAg null mouse
The gene targeting strategy eliminated sequences encoding the catalytic phosphorylation site, which is essential for enzyme activity. In stomach, the wild type gastric H,K-ATPase mRNA was eliminated (25), although there were trace levels of an ~1 kb mRNA encoding some of the N-terminal sequences. To test for the presence of gastric H,K-ATPase mRNAs in kidneys of wild-type and mutant mice, RT-PCR analysis was performed using primers from exons 6 and 10. As shown in Fig. 10 , a PCR product of the appropriate size (653 bp) was identified in wild type kidney, but not in knockout kidney. These results confirm that these critical sequences, which span the major catalytic domain and the region required for apical sorting (10) 
Discussion
The current studies examine the potassium dependent luminal acid extrusion in cortical collecting ducts of wild type and HKAg null mice. HKAg null mice demonstrate an H-K exchange activity that is comparable to wild type animals (Figs. 1-5 ). Whereas SCH 28080 inhibits the H-K exchange activity in wild type animals, the H-K exchange activity in the CCD of null mice is resistant to inhibition by SCH (Figs. 6-7) . The H-K exchange activity in null mice was also insensitive to inhibition by ouabain, a known inhibitor of colonic HKA (Figs. 8-9 ). Northern hybridizations did not demonstrate any upregulation of colonic HKA in HKAg null mice (Fig. 11 ).
Gastric HKA is expressed in the collecting ducts With respect to nongastric HKAs, colonic HKA (HKAc) is the wellknown SCH-insensitive, ouabain sensitive isoform (7, 32) . The colonic HKA expression did not increase in HKAg null mice, indicating that this transporter is not responsible for the upregulation of HKA activity in this animal. Further, the ouabain insensitivity of HKA activity in HKAg null mice points to an isoform distinct from HKAc. Recent functional studies in the colon have described the presence of another HKA isoform, which is insensitive to ouabain (9) . No distinct HKA molecule, which is insensitive to both SCH 28080 and ouabain has been identified.
Studies on HKAs in the kidney point to the discrepancies in the inhibitor profile of "non-gastric" HKAs in heterologous expression systems and native tissues, and have concluded that the presence of a novel isoform may account for the discrepancies (7, 24) . Studies in cultured kidney cells (4) mentioning that an HKA that is insensitive to both SCH 28080 and ouabain has not been described in kidney epithelial cells. As such, the molecule mediating the H-K exchange in apical membrane of intercalated cells in HKAg knockout mouse is distinct from all HKA isoforms described so far.
In conclusion, our results suggest that a novel acid-base transporter, distinct from HKAc, is upregulated in HKAg null mice and maintains the potassium-dependent proton-secretion at a comparable level to wild type animals. This may account for the lack of any acid-base abnormality in HKAg null mice. Lower panel is constitutive control beta actin. 
